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(57) ABSTRACT 

Provided are a packet transmission method for transmitting 
packets in a forward link of a multibeam satellite commu 
nication system and a computer-readable recording medium 
for recording a program that implements the method. The 
packet transmission method transmitting packets to mobile 
stations in a forward link of a multibeam satellite commu 
nication system, comprising the steps of: Wherein doWnlink 
beams of a satellite share an orthogonal spreading code set 
for transmitting packets to the mobile stations, a) generating 
doWnlink beam signals by using an identical structure for the 
radio frames transmitted through the doWnlink beams and an 
identical pseudo-noise (PN) scrambling code for generating 
doWnlink beam signals; and b) synchronizing transmission 
timings of frames, symbols and spread chips on the doWn 
link beam signals. 
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FIG. 5 
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FIG. 6 
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FIG. 7 
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APPARATUS AND METHOD FOR TRANSMITTING 
PACKET IN FORWARD LINK OF MULTIBEAM 

SATELLITE COMMUNICATION SYSTEM 

FIELD OF THE INVENTION 

[0001] The present invention relates to an apparatus for 
transmitting packets in a forward link of a multibeam 
satellite communication system, a method thereof and a 
computer-readable recording medium for recording a pro 
gram that implements the same method. 

DESCRIPTION OF RELATED ART 

[0002] FIG. 1 is a structural diagram shoWing a conven 
tional satellite-based cellular communication system. As 
shoWn in the draWing, in the conventional satellite commu 
nication system a service area consists of a plurality of cells 
each of Which is serviced by a satellite beam, as the 
terrestrial cellular mobile communication system using base 
stations. Communication links betWeen the satellite and 
mobile stations are established by the satellite multibeam. 

[0003] The satellite relays communication services 
betWeen mobile stations and an earth station, and the earth 
station provides a connection to terrestrial netWorks, such as 
the Internet, With the mobile station. The earth station also 
play a role of central station Which is to control the satellite 
netWork, such as establishment, maintenance and termina 
tion of connections to mobile stations through the satellite. 

[0004] Packets from the terrestrial netWork is delivered to 
a user through a forWard link connection of earth station 
satellite-user, and packets from the user is delivered to the 
terrestrial netWork through a reverse link connection of 
user-satellite-earth station. 

[0005] As the terrestrial cellular system, satellite systems 
using a Code Division Multiple Access (CDMA) and the 
same frequency band in all cells have been suggested. 

[0006] Globalstar is a satellite communication system 
adopting the CDMA technology of the Interim Standard-95 
(IS-95), Which is used for the terrestrial second-generation 
mobile communication system. It is disclosed in a paper by 
Fred J. Dietrich, Paul MetZen and Phil Monte, “The Glo 
balstar Cellular Satellite System,”IEEE Trans. on Antennas 
and Propagation, Vol. 45, No. 6, pp.935-942, June 1998, 
Which is incorporated herein as Reference 1. 

[0007] Another satellite-based cellular mobile communi 
cation system is the Satellite-Universal Mobile Telecommu 
nication System (Satellite-UMTS) using a technology simi 
lar to Wideband-CDMA (W-CDMA) Which is a radio 
transmission technology for the terrestrial third-generation 
mobile communication system. The Satellite-UMTS is dis 
closed in a paper by Payam Taaghol, Barry G. Evans, Enrico 
Buracchini, Riccardo De GaudenZi, Gennaro Gallinaro, 
Joon Ho Lee and Chung Gu Kang, “Satellite UMTS/IMT 
2000 W-CDMAAir Interface,”IEEE Communication Maga 
zine, pp.116-126, January 1999, Which is incorporated 
herein as Reference 2. 

[0008] As described above, the conventional satellite 
mobile communication system using the CDMA technology 
reuses the same frequency band in cells or beams for 
spectrum efficiency. It uses orthogonal spreading codes, 
such as Walsh code, to discriminate different user signals or 
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physical channels Within a cell or beam in the forWard link. 
Pseudo-noise (PN) scrambling codes are used for discrimi 
nating signals from different cells in the forWard link and 
from different users in the reverse link. For the forWard link, 
it can reuse the orthogonal codes in each cell because each 
beam signal is discriminated by the PN code. 

[0009] HoWever, the non-orthogonality of the PN codes 
causes serious interference among the adjacent beams. Par 
ticularly, users around the cell boundary suffer even more 
serious interference. 

[0010] To reduce the interference betWeen beams, a solu 
tion is suggested in US. Pat. No. 6,317,412, entitled 
“Increased Capacity in an OCDMA System for Frequency 
Isolation. In the US. Pat. No. 6,317,412, it is recommended 
to use different frequency bands among adjacent beams and 
reuse the same frequency band according to a regular reuse 
pattern. HoWever, the suggestion has a shortcoming that the 
overall spectrum efficiency of the system is dropped because 
the adjacent beams use different bands, as in case of general 
Time Division Multiple Access (TDMA) cellular systems. 

[0011] The conventional satellite mobile communication 
system used a circuit-sWitching technology, and a physical 
channel is exclusively assigned to a user until the end of 
service. HoWever, as the demand for Internet services is 
increasing, the data packet traf?cs is increasing, and thus it 
has a tendency to adopt a packet-sWitching technology that 
can enhance the system efficiency due to statistical multi 
pleXing. Therefore, an access method suitable to the packet 
sWitching is required. The conventional satellite mobile 
communication system using the circuit sWitching is not 
suitable to high-speed packet transmission With a high traffic 
burst. 

SUMMARY OF THE INVENTION 

[0012] It is, therefore, an object of the present invention to 
provide an apparatus for transmitting packets in a forWard 
link of a multibeam satellite mobile communication system 
that can minimiZe the interference betWeen beams and 
increase the system capacity by using the same pseudo-noise 
(PN) scrambling code and sharing a set of orthogonal 
spreading codes in all beams. 

[0013] It is another object of the present invention to 
provide an method for transmitting a packet in a forWard link 
of a multibeam satellite mobile communication system that 
can minimiZe the interference betWeen beams and increase 
the system capacity by using the same PN scrambling code 
and sharing a set of orthogonal spreading codes in all beams. 

[0014] It is another object of the present invention to 
provide a computer-readable recording medium for record 
ing a program that can minimiZe the interference betWeen 
beams and increase the system capacity by using the same 
PN scrambling code and sharing a set of orthogonal spread 
ing codes in all beams of a satellite for the forWard doWn 
link. 

[0015] In accordance With an aspect of the present inven 
tion, there is provided a method for transmitting packets to 
mobile stations in a forWard link of a multibeam satellite 
communication system, including the steps of: Wherein 
doWnlink beams of a satellite share an orthogonal spreading 
code set for transmitting packets to the mobile stations, a) 
generating doWnlink beam signals by using an identical 
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structure for the radio frames transmitted through the doWn 
link beams and an identical pseudo-noise (PN) scrambling 
code for generating doWnlink beam signals; and b) synchro 
niZing transmission timings of frames, symbols and spread 
chips on the doWnlink beam signals. 

[0016] In accordance With another aspect of the present 
invention, there is provided an apparatus for transmitting 
packets to a mobile station in a forWard link of a multibeam 
satellite communication system, including: a ?rst generation 
portion for generating synchronization sample sequence by 
using synchronization sequence and a scrambling code; a 
second generation portion for generating pilot chip 
sequences; a third generation portion for generating channel 
encoded and interleaved bit sequences to be transmitted 
through data subcarriers in a control subframe and a traf?c 
subframe; a modulation and spreading portion for modulat 
ing the bit sequences generated by the third generation 
means into complex modulated symbols by using a modu 
lation method and spreading the modulated symbols in one 
dimension of time or frequency or in tWo dimensions of time 
and frequency; a multiplexing and interlacing portion for 
multiplexing and interlacing the signals transmitted in the 
frequency slots and time slots in a frame; a frequency 
multiplexing portion for frequency-multiplexing the signals 
from the ?rst and second generation means and the multi 
plexing and interlacing portion; a scrambling portion for 
scrambling the scrambling code With the output of the 
frequency multiplexing portion; a fourth generation portion 
for generating a multicarrier sample sequences; and a mul 
tiplexing portion for multiplexing the synchronous sample 
sequence generated by the ?rst generation portion With the 
multicarrier sample sequence generated by the fourth gen 
eration portion. 

[0017] In accordance With another aspect of the present 
invention, there is provided a method for transmitting pack 
ets to a mobile station in a forWard link of a multibeam 
satellite communication system, including the steps of: a) 
selecting an active beam set by using the signal-to-interfer 
ence-and-noise ratios (SINRs) of beam pilots Which are 
reported from the mobile station and transmitting a message 
on the active beam set selection to the mobile station; and b) 
receiving data packets to be transmitted to the mobile station 
from terrestrial netWorks, selecting a service beam Whose 
pilot SINR is largest among the reported pilot SINRS, and 
transmitting the control packet including a radio resource 
allocation message in the control subframe of the selected 
service beam and the data packets in the data subframe to the 
mobile station. 

[0018] In accordance With another aspect of the present 
invention, there is provided a computer-readable recording 
medium provided With a microprocessor, for recording a 
program that implements a packet transmission method for 
transmitting packets to mobile stations in forWard link of a 
multibeam satellite communication system, the packet trans 
mission method including the steps of: a) selecting an active 
beam set by using the signal-to-interference-and-noise ratios 
(SINRs) of beam pilots Which are reported from the mobile 
station and transmitting a message on the active beam set 
selection to the mobile station; and b) receiving data packets 
to be transmitted to the mobile station from terrestrial 
netWorks, selecting a service beam Whose pilot SINR is 
largest among the reported pilot SINRS, and transmitting the 
control packet including a radio resource allocation message 
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in the control subframe of the selected service beam and the 
data packets in the data subframe to the mobile station. 

[0019] In the present invention, an orthogonal code set can 
be shared among beams by using the same PN scrambling 
code and the identical synchroniZed radio frames for all 
beams. 

[0020] In the present invention, a multicarrier transmis 
sion is used and the doWnlink signal is transmitted through 
a plurality of subcarriers. A part of subcarriers are used for 
transmitting pilot signals that are helpful for mobile stations 
to receive the doWnlink signals from the satellite. The pilot 
subcarriers are spaced at a predetermined interval over the 
Whole frequency band so that the mobile station performs 
the channel estimation on a frequency-selective fading chan 
nel. The pilot signal is a signal spread by a pilot code 
sequence unique to each beam. 

[0021] In accordance With the present invention, mobile 
stations discriminate and receive each beam signal by using 
the pilot signal transmitted through the pilot subcarrier. The 
mobile stations measure the received signal-to-interference 
and-noise ratio for each beam pilots and they are provided 
With packet transmission service from a beam having the 
highest pilot signal-to-interference-and-noise ratio. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The above and other objects and features of the 
present invention Will become apparent from the folloWing 
description of the preferred embodiments given in conjunc 
tion With the accompanying draWings, in Which: 

[0023] FIG. 1 is a structural diagram shoWing a typical 
cellular satellite communication system; 

[0024] FIG. 2 is a diagram illustrating a process of the 
satellite of FIG. 1 receiving a signal through a forWard 
uplink and transmitting the signal to each beam through a 
forWard doWnlink; 

[0025] FIG. 3 is a diagram describing a structure of a 
forWard link transmission frame in accordance With an 
embodiment of the present invention; 

[0026] FIG. 4 is a diagram describing a structure of the 
pilot sequence of FIG. 3 in accordance With an embodiment 
of the present invention; 

[0027] FIG. 5 is an exemplary diagram illustrating a case 
Where a pilot spreading code is reused every seventh beam 
in accordance With an embodiment of the present invention; 

[0028] FIG. 6 is a detailed diagram illustrating a subcar 
rier interlacing and a time/frequency tWo-dimensional 
spreading of a data symbol in the control subframe and 
traffic subframe of FIG. 4, in accordance With an embodi 
ment of the present invention; 

[0029] FIG. 7 is a detailed diagram describing a symbol 
interlacing in the control subframe and traf?c subframe of 
FIG. 4 in accordance With an embodiment of the present 
invention; 

[0030] FIG. 8 is a structural diagram illustrating the 
control subframe and traf?c subframe of FIG. 4 divided in 
three-dimensional in accordance With an embodiment of the 
present invention; 



US 2004/0114552 A1 

[0031] FIG. 9 is a block diagram depicting a packet 
transmission apparatus in the forward link of a multibeam 
satellite communication system in accordance With an 
embodiment of the present invention; 

[0032] FIG. 10 is a detailed block diagram depicting the 
synchronous sample sequence generation portion of FIG. 9 
in accordance With an embodiment of the present invention; 

[0033] FIG. 11 is a detailed block diagram depicting the 
pilot chip sequence generation portion of FIG. 9 in accor 
dance With an embodiment of the present invention; 

[0034] FIG. 12 is a detailed block diagram depicting the 
channel encoded and interleaved bit sequence generation 
portion of FIG. 9 in accordance With an embodiment of the 
present invention; 

[0035] FIG. 13 is a detailed block diagram depicting the 
modulation and spreading portion of FIG. 9 in accordance 
With an embodiment of the present invention; 

[0036] FIG. 14 is a detailed block diagram depicting the 
multiplexing and interlacing portion of FIG. 9 in accordance 
With an embodiment of the present invention; 

[0037] FIG. 15 is a diagram describing the allocation of 
orthogonal spreading code for packet transmission in accor 
dance With an embodiment of the present invention; 

[0038] FIG. 16 is an exemplary diagram describing beam 
selection and hand-off Which are performed When a user 
moves betWeen beams in accordance With an embodiment of 
the present invention; and 

[0039] FIG. 17 is a flow chart describing a packet trans 
mission method in the forWard link of a multibeam satellite 
communication system in accordance With an embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] Other objects and aspects of the invention Will 
become apparent from the folloWing description of the 
embodiments With reference to the accompanying draWings, 
Which is set forth hereinafter. Here, the same reference 
numeral is given to the same element, even though it appears 
in different draWings. Hereinafter, preferred embodiments of 
the present invention Will be described in detail With refer 
ence to the accompanying draWings. 

[0041] A data packet service, such as the Internet service, 
has a feature that forWard link traf?c transmitted from a 
netWork to a user are larger than reverse link traf?c trans 
mitted from a user to a netWork. The present invention 
focuses on the Internet service having such property and it 
is applied to the forWard link Where data packets are 
transmitted to a user through a satellite. 

[0042] Referring to FIG. 1, a satellite communication 
system to Which the apparatus and method of the present 
invention are applied Will be described. In the draWing, 
packets generated in a terrestrial netWork are transmitted to 
a user through an earth station and a satellite. 

[0043] If the satellite is incapable of processing baseband 
signals and simply performing frequency conversion, ampli 
?cation and relay, a forWard doWnlink signal transmitted 
from the satellite to the user is ?rst generated in the earth 
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station and transmitted to the satellite through a forWard 
uplink from the earth station to the satellite. 

[0044] To discriminate signals to be transmitted to differ 
ent beams or cells in the forWard uplink, signals for each 
beam are transmitted at different frequency bands in a 
frequency division method and transmitted to the satellite, as 
disclosed in Reference 1. 

[0045] FIG. 2 is a diagram illustrating a process of the 
satellite of FIG. 1 receiving a signal through a forWard 
uplink and transmitting the signal to each beam through a 
forWard doWnlink. As shoWn in the draWing, When a satellite 
has NB beams to serve NB cells, signals are transmitted to the 
satellite through NB different frequency bands in the forWard 
uplink. Then, the satellite converts the signals of the fre 
quency bands into the signals at the identical central fre 
quency fFD, ampli?es them, and sends them out to a user 
through a corresponding beam. 

[0046] Generally, cells or beams of the forWard doWnlink 
can use more than one frequency band. If all the beams are 
assumed to use NCH frequency bands, the earth station 
transmits signals to the beams through NCH><NB frequency 
bands in the forWard uplink. Since the forWard doWnlink 
signals are the signals transmitted from the same signal 
source, all the beam signals can be easily synchroniZed in 
the frequency and time domains. 

[0047] In a terrestrial cellular Code Division Multiple 
Access (CDMA) system, such as the second-generation 
Interim Standard-95 (IS-95) or the third-generation Wide 
band CDMA (W-CDMA), cells are served by base stations 
located at different places. In this case, it is almost impos 
sible that the signals transmitted from different cells should 
be synchronously received at all users in different locations. 
This is because the location of base stations is different, and 
the signals from the different base stations are received at the 
users With different propagation delays. Therefore, terrestrial 
systems cannot discriminate the signals from different base 
stations by using orthogonal spreading codes. The orthogo 
nality betWeen the orthogonal spreading codes can be 
expected only When the signals are synchroniZed. For this 
reason, the terrestrial systems discriminate them by using 
different pseudo-noise (PN) codes. Here, interference is 
caused betWeen the signals from the different base stations 
because PN codes have a property of non-Zero cross 
correlation. 

[0048] In a conventional satellite-based cellular system 
just as suggested in Reference 2, PN codes are used for 
discriminating the signals from different beams, and the 
different user signals in a beam are discriminated by 
orthogonal Walsh codes, as in the terrestrial system. 

[0049] HoWever, every user at different locations can 
receive the synchroniZed beam signals, if the beam signals 
transmitted from the same earth station or satellite are 
synchroniZed. Therefore, if the signals spread by orthogonal 
spreading codes, such as Walsh codes, for different beams 
are synchroniZed at frequency and time domains, the 
orthogonality is maintained even When the users receive the 
signals, regardless of the location of users. Thus, the inter 
ference betWeen the beams can be minimiZed. In this case, 
the same PN code is used for the beam signals belonging to 
the same satellite, and since the same PN code is used, the 
orthogonality betWeen the orthogonal codes is not lost. 


















